This invention relates to the apparatus for the objective detec tion of auditive disorders, by recording arising potentials of a steady state with simultaneous acoustic stimulation via the bones or the airway to be used in newborns. The apparatus comprises the necessary means for the independent genera tion of two different sound stimuli presented to the subject simultaneously via osseous, and airway electroacoustic trans ducers, the synchronous recording of the cerebral electrical activity of the Subject, the continuous evaluation of the con tact of the electrodes, the interactive measurement of the levels of ambient noise, and the wireless digital transmission of the bioelectric activity towards a computer. Am. 1978; 64: 1386-9) .
However, these devices and methodologies still have short comings that must be solved. A very important problem that still has to be solved is the high rate of "false positives' found during the initial auditory examination of neonates, which is carried out when the neonate stays at the maternity hospital. Many of these neonates (classified as false positives) show temporary hearing losses, caused by problems encountered by the transmission of sound through the structures of the middle ear, and not by a neuronal damage of the recipient (inner ear), which is the main object of the screening tests. Temporary conductive losses in neonates (caused by serum fluid of the middle ear) are spontaneously solved in a few days. However, it is necessary to perform a second test, which generates anxiety among parents, makes the follow-up more complicated, as a result of the large number of cases involved, and has even raised doubts about the implementation of the universal screening programmes.
In order to solve this problem and to make a difference between both types of disorders (conductive and sensorineu ral losses) it does not suffice to establish the auditory sensi tivity vis-á-vis a sound which is presented, in a natural way, through the external acoustic meatus (air conduction mode). In the case of auditory disorders caused by problems in the Sound transmission through the outer and middle ear (con ductive loss), sound vibrations can be properly perceived if they are directly transmitted to the neural recipient (inner ear) through the bone (bone conduction mode) since, in this case, they do not cross the affected structures of the outer and middle ear. This allows, when evaluating the auditory sensi tiveness by means of sounds transmitted through both modes, to discriminate between conductive disorders (where the 2 bone conduction mode yields normal, but air conduction mode does not) and those caused by a permanent damage to the recipient or neural route (where the auditory sensitiveness is also affected, irrespective of the Sound transmission route eventually chosen).
The temporary physiological responses to short acoustic stimuli (AEPBT and OAE) show serious limitations in order to assess the bone sensitiveness. It has been acknowledged that the technological process implemented to obtain and identify these responses to the bone conduction mode stimu lation is more complicated, requires a great deal of experience on the part of the person in charge of the evaluation, in order to appropriately identify the threshold response, and there are no effective automation procedures, which is unavoidable in the case of a Universal Neonatal Screening.
Steady state auditory potentials (SSEAP), (known from Cohen LT Richards FM; Clark G. M. A comparison of steady state evoked potentials in awake and sleeping humans J. Acousti. Soc. Am. 1991) are a valid alternative for the objec tive assessment of auditory sensitiveness. These responses consist of constant periodical signals that can be caused by means of long tonal stimuli with amplitude and/or frequency modulation (between 70 and 110 Hz). Considering that these SSEAP are generated at the brainstem, they are not affected by sedation or sleep, which facilitates their use with neonates. As a result of its periodical nature, the SSEAP provoked by modulated tones can be better analysed within the frequency domain (Fourier analysis), and they are represented as spec trum peaks limited to the modulation frequency used. This facilitates their automatic detection through different statis tical methods calculated within the domain of frequency (Valdés J. L., Pérez-Abalo M. C. Martin V. Savio G, Sierra C, 3 B2) divulges another method to achieve a more efficient cal culation of responses with a low signal-to-noise ratio, which can be applied to temporary responses (OAE) or stable state responses (SSEAP), but also, it only considers those responses that have been generated through sound stimula tion presented to the patient by the airway. Therefore, none of these technological and methodological solutions allows to use the multiple SSEAP for a primary hearing test that can discriminate, in a fast and efficient manner, the type of hear ing disorder (conductive or sensorineural), if any. In fact, all the automatic hearing screening devices currently existing show the results in a binary format (normal or abnormal audition). Furthermore, no automatic and easy to use SSEAP devices that can be used by a Universal Neonatal Screening Programme are currently commercially available.
DESCRIPTION OF THE INVENTION
The object of this invention is to propose a method and an apparatus, automated and easy to operate, that-through the recording and analysis of steady state evoked auditory poten tials-allows to discriminate between the normal and abnor mal hearing, identifying, in this latter case, whether the hear ing disorder is of a conductive or sensorineural type.
In order to use the multiple SSEAP technique in the Neo natal Screening Programme to discriminate the type of hear ing disorder (if any), an apparatus and a method are proposed, integrating the following elements: 1) means to indepen dently generate two different continuous acoustic stimuli and to present them simultaneously to the patient through electro acoustic bone and air transducers at different intensities; 2) means to measure the ambient noise and, on the basis of the level measured, to regulate the execution of the screening test and the intensity of the air way stimulation; 3) means to evaluate on an on-going basis the contact of the electrodes or sensors used to record the electric activity of the brain; 4) means to control the process used to collect the bioelectric activity of the patient, in a synchronous manner with the generated Sound stimuli; 5) means for the wireless digital transfer of the bioelectric activity collected towards a com puter. In order to use the apparatus for the purposes of Uni Versal Neonatal Screening, a computer-based methodology is implemented to efficiently detect both responses (bone and air conducted), which improves the signal-to-noise ratio and minimizes the duration of the hearing test, and a procedure for the automated operation that, on the basis of both responses (bone and air conducted) will discriminate between children without hearing disorders and those who show hearing disor ders of a conductive or sensorineural type.
Novelty of the Invention
One of the novelties of this invention is the use of the simultaneous stimulation from both the bone and air conduc tion modes as the basis for a system of stable state evoked auditive potentials, in order to carry out a primary hearing test (screening) among neonates, that may distinguish between a conductive hearing loss and a sensorineural loss (if any). Another novelty, in the context of the design of the method and apparatus herein proposed, is the manner in which the recording conditions are monitored on an on-going basis (ambient noise levels and the contact impedance of the elec trodes) to interact with the operator and/or the operation of the apparatus. More precisely, the use of the own active electric circuit of the neutral electrode for the on-going measuring of impedance is an original technological Solution for this pur pose. Furthermore, the system proposed implements an origi nal method of selective averaging, with an independent assessment of the signal-to-noise ratio and the application of 4 a autoregressive statistical model, known as GARCH (En glish acronym of "Generalized Autoregressive Conditional Heteroskedasticity') to achieve a more efficient detection of the brain responses, which is an essential aspect, according to the invention. The method used is also original, since, on the basis of the result of the detection of one or another SSEAP response (air conducted and bone way) a conclusion can be reached in connection with the primary test, thus making a difference between normal or abnormal hearing, identifying, in this latter case, the type of disorder and the validity of the result.
Finally, the precise method adopted by the system, consist ing of a specific purpose electronic device, which interacts with the patient and establishes a wireless communication with a laptop computer or a PDA device, whose software includes all the necessary methodology to efficiently perform the primary hearing test represents a novel technological Solution.
DESCRIPTION OF THE APPARATUS AND METHOD FOR THE OBJECTIVE DETECTION OF AUDITIVE DIS ORDERS
FIG. 1 shows the system proposed for the objective detec tion of auditive disorders in newborns, by means of steady state evoked auditive potentials. The system includes a device that comprises the necessary means for the simultaneous stimulation through electro-acoustic transducers for the bone and air conduction modes, and for the synchronous recording of the neuroelectric activity of the patient provoked by such stimuli. The device includes two-way wireless digital com munications means to establish a connection with a computer or laptop device (preferably, a personal digital assistant or PDA). The computer is used to perform the control functions of the device. Such as the processing of the neuroelectric data, following its own automatic operation method, which is claimed in this invention.
FIG. 2 shows a detailed block diagram of the apparatus.
The apparatus includes a control block that allows the digital generation of two different stimuli, and the necessary means to present them to the patient in an independent and simulta neous manner, at different intensities, by means of electro acoustic transducers for the bone and air conduction modes.
The acoustic stimulus used is generated through the following expression:
Where:
A: Amplitude of the modulated tone P: Depth of the modulation F: Carrier frequency F: Modulating frequency The parameter A is used to weigh the amplitude of the modulated tone.
Preferably, at least a low frequency tone is generated for the bone conduction mode (>500<1000 Hz) which is amplitude modulated (100% depth) with a modulation frequency of 90 HZ, while another high frequency tone (>2000 Hz<4000 Hz) is simultaneously generated for the airway, which it is ampli tude-modulated (100% depth) with a modulation frequency of 110 Hz. These stimuli are intensity-weighed according to the electro-acoustic characteristics of each transducer (bone and conduction modes) and presented to the patient at con stant (but different) intensities for each way.
The apparatus also includes a channel for the collection of the neuroelectric activity (active element G1 of FIG. 2) which is collected from the patient by means of 2 sensors or record ing electrodes, which are placed on specific points of the Scalp. This channel implements the necessary means to 5 amplify such neuroelectric activity in a differentiated manner, filtering it within the desired frequency range. As shown in  FIG. 2 , a third recording electrode (neutral) is connected through a second active element (G2) to attenuate the inter ference caused by the power distribution network. This same element (G2), which is used to actively control the neutral electrode (or "Patient's ground') is also used to introduce in the patient, through Such neutral electrode, a signal generated internally by the apparatus. The object of Such signal is to evaluate the contact impedance of the recording electrodes (Za and Zb) and of the neutral electrode (Zt). The output (S1) of the active element G2 is recorded by another signal record ing channel of the apparatus, and is used as the basis for the on-going impedance monitoring methodology which is claimed as part of this invention. The apparatus includes a microphone that picks up the ambient noise level, which is recorded by the G3 channel through the active element. Finally, the control block of the apparatus allows the synchro nization between the stimuli generation process and the col lection of the neuroelectric activity, so that, at each digitized time window or interval corresponding to Such neuroelectric activity there is an exact number of cycles of tone stimuli generated, to allow the Subsequent detection of the signal or SSEAP. This block also controls the real time, 2-way and wireless transmission between the apparatus and the com puter. The method used in this invention guarantees the auto matic operation of this apparatus, so that it can be used with neonates to assess the auditory sensitiveness and to early detect eventual disorders, differentiating them from a diag nostic point of view. It consists of the following stages Steps 1 to 5 are performed by the apparatus, and steps 6 to 9 are carried out by programming a proprietary methodology in a general purpose portable computer. This allows to update and/or improve the method used by this invention to detect the responses.
The selective averaging method used in this invention con sists of collecting and averaging, on an independent basis for each response or SSEAP only those neuroelectric records which have an adequate signal-to-noise ratio. One of the peculiarities of this method consists of the fact that, on the basis of the spectrum analysis of each recorded interval, the validity of the record is independently determined for each SSEAP, by comparing the amplitude of the spectrum compo nent of the response (at the relevant modulating frequency) with that of the residual noise measured from N spectrum components found around it. The rejection criterion is based on a value of the signal-to-noise ratio that is lower than one. This is independently performed for each SSEAP (bone and air modes), so that the same neuroelectric record collected might be valid for a signal and rejected for the other one.
In order to improve the signal-to-noise ratio of the SSEAP. a method is used to model the noise present at the artifact-free averaged neuroelectric records, based on a autoregressive statistical model, AR/GARCH.
In this case, the response is modelled in the average of the N artifact-free segments, using the formula:
Where y, is the signal, c is the average, p, are the autore gressive coefficients (p, cande, the innovations. The variance of the innovations is:
And we consider that it follows a GARCH process:
Then, we can calculate the parameters of the model (0.10.2 0.3), using the maximum plausibility method.
The following step of the method consists of detecting the signal. Once the coefficients of the model have been calcu lated, we can separate the autoregressive process from the GARCH process that is responsible for the background noise. This way, if we calculate the spectrum of the autoregressive process only, we will obtain a spectrum which is free from background noise, which simplifies that identification of the signal. The spectrum is calculated as:
Where V represents the frequencies.
In the last step, we use the Hotelling's T2 stadigraph (T2H) whose degrees of freedom have been modified according to the number of spectrum components used for the calculation, in order to determine whether the spectrum component at the modulation frequency of the stimulus (SSEAP) is signifi cantly different from the adjacent spectrum components (noise corresponding to that signal), and therefore, to deter mine the presence or absence of response. Finally, the following criteria are used by the method of this invention to complete the hearing test and reach the final conclusions: 1) if both signals (bone and air modes) reach a stable statistical significance (aftern Successive calculations) 7 by means of a Hotelling's T2 stadigraph, it can be concluded that the auditory sensitiveness is normal; 2) If the response found through the bone conduction mode is significant, and in the absence of the air way response, it can be concluded that the disorder or hearing loss is of a conductive type, 3) in the absence of both responses, it can be concluded that the hear ing loss is of a sensorineural type, and 4) in the absence of a bone conducted response and in the presence of an air response, the result is doubtful, and the test should be repeated.
The invention claimed is:
1. An apparatus for the objective evaluation of hearing through brain responses or steady state auditive potentials, comprising:
means for simultaneously providing a patient with differ ent stimuli through electro-acoustic transducers for both air and bone conduction modes:
means for synchronous recording of the neuroelectric activity of the patient, further comprising first and second audio chan nels, said stimuli comprise a first stimulus comprising one or Several mixed low frequencies, amplitude modulated, carrier tones with a M1 modulation frequency through the bone transducer and first audio channel, and the second stimulus comprises one or several mixed high frequencies, amplitude modulated, carrier tones with a M2 modulation frequency through the airway transducer and second audio channel, with Synchronous recording of the neuroelectric activity caused by the simultaneous bone and airway stimulation:
and means for processing and analyzing the neuroelectric activity to obtain a result of the primary hearing test for classifying, the hearing disorder as a conductive or sensorineural disorder. 2. The apparatus according to claim 1, further comprising means for collecting and measuring the ambient noise level.
3. The apparatus of claim 2, further comprising means for evaluating the ambient noise value and the impedance values for determining whether a pre-established rejection criterion is met for interruption of the hearing evaluation.
4. An apparatus for objectively evaluating the hearing of a Subject comprising: for generating a first stimuli comprising first frequencies specific for bone stimulation and providing a resultant first impedance value: (b) a second electro-acoustical transducer comprising means for generating a second stimuli comprising sec ond frequencies specific for airway stimulation provid ing a resultant second impedance value, said first fre quencies being lower than said second frequencies; (c) said (a) and (b) further comprise means for continu ously and simultaneously stimulating of the respective bone and airway; and (d) means for calculating the respective impedance values of (a) and (b) with the simultaneous stimulation to deter mine whether there is a conductive or sensorineural dis order in the subject. 5. The apparatus of claim 4, further comprising means for measuring the ambient noise level, wherein the ambient noise level and impedance value are calculated according to a pre established rejection criterion as to whether or not to interrupt the evaluation of the hearing of the subject.
6. The apparatus of claim 4, said first transducer comprises a bone conductor and said second transducer comprises an airway conductor, and further comprising means for synchro nous recording of the neuroelectric activity from the respec tive bone and airway conductors.
7. The apparatus of claim 5, said first transducer comprises a bone conductor and said second transducer comprises an airway conductor, and further comprising means for synchro nous recording of the neuroelectric activity from the respec tive bone and airway conductors.
8. The apparatus of claim 4, each said electro acoustical transducer comprises a scalp recording electrode.
9. The apparatus claim, 8 further comprising means for measuring the ambient noise level, wherein the ambient noise level and impedance value are calculated according to a pre established rejection criterion as to whether or not to interrupt the evaluation of the hearing of the subject. ck ck ck ck ck
